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What this paper adds
What is already known on this topic
 Ź A small number of EDs in England have 
been closed due to issues around safety and 
sustainability, with further ED closures expected 
in other areas.
 Ź The impact of closure or downgrade of an ED in 
England on population mortality was unknown.
 Ź Existing evidence indicated that longer 
journey times to ED and the delayed onset 
of emergency treatments are detrimental to 
patient mortality.
What this study adds
 Ź We found no statistically reliable, consistent 
evidence of an increase in deaths among the 
population from serious emergency conditions 
in the period following the reorganisation of 
emergency care in the ive geographical areas 
studied.
 Ź It may be possible to close further carefully 
selected EDs without negative impact on 
population mortality. However, selection of 
these EDs would require careful consideration.
ABSTRACT
Background In England the demand for emergency 
care is increasing, while there is also a stafing shortage. 
This has implications for quality of care and patient 
safety. One solution may be to concentrate resources 
on fewer sites by closing or downgrading emergency 
departments (EDs). Our aim was to quantify the impact 
of such reorganisation on population mortality.
Methods We undertook a controlled interrupted 
time series analysis to detect the impact of closing or 
downgrading ive EDs, which occurred due to concerns 
regarding sustainability. We obtained mortality data from 
2007 to 2014 using national databases. To establish ED 
resident catchment populations, estimated journey times 
by road were supplied by the Department for Transport. 
Other major changes in the emergency and urgent care 
system were determined by analysis of annual NHS Trust 
reports in each geographical area studied. Our main 
outcome measures were mortality and case fatality for a 
set of 16 serious emergency conditions.
Results For residents in the areas affected by closure, 
journey time to the nearest ED increased (median change 
9 min, range 0–25 min). We found no statistically reliable 
evidence of a change in overall mortality following 
reorganisation of ED care in any of the ive areas or 
overall (+2.5% more deaths per month on average; 
95% CI −5.2% to +10.2%; p=0.52). There was some 
evidence to suggest that, on average across the ive 
areas, there was a small increase in case fatality, 
an indicator of the ’risk of death’ (+2.3%, 95% CI 
+0.9% to+3.6%; p<0.001), but this may have arisen 
due to changes in hospital admissions.
Conclusions We found no evidence that reorganisation 
of emergency care was associated with a change in 
population mortality in the ive areas studied. Further 
research should establish the economic consequences 
and impact on patient experience and neighbouring 
hospitals.
INTRODUCTION
Emergency care in England is under pressure, with 
demand continuing to increase across the emer-
gency care system. Over the last decade Emergency 
Department (ED) attendances have increased by 
22%,1 and urgent hospital admissions by 42%.2 
An average year-on-year increase of 5.2% has also 
been reported in the number of calls received by the 
ambulance service.3 Rising demand for emergency 
care comes at a time when type 1 EDs are facing 
a staffing shortage. Significant staffing shortages 
coupled with rising demand may have implications 
for the quality of care and safety of patients. One 
solution to this may be to concentrate resources 
on fewer sites by closing some of these EDs or 
suspending services overnight. In recent years a 
small number of EDs have been closed or down-
graded to a less acute facility, reportedly due to 
reasons of inadequate staffing and safety implica-
tions. However, there is little research evidence to 
inform decision-making about closing EDs.
Those opposed to such reorganisation claim that 
ED closures impact on the quality and safety of care 
by putting patients at increased risk by decreasing 
accessibility to care, increasing distances and travel 
times to care, and worsening patient experience.
As part of a larger study we sought to establish 
the impact of closing EDs on local populations and 
on local emergency care providers in five areas of 
England where there had been a reorganisation 
of ED care. In doing so, our aim was to provide 
patients and the public, healthcare providers and 
policy makers with evidence about the potential 
benefits and harms of these reorganisations in 
order to inform decision-making about future ED 
closures.4
In this paper we seek to quantify the impact of 
closing or downgrading five EDs on mortalitya 
key measure of patient safetyfocusing on a set of 
16 serious emergency conditions (SEC) in which 
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Box 1 Serious emergency conditions
 Ź Septic shock
 Ź Meningitis
 Ź Myocardial infarction
 Ź Cardiac arrest
 Ź Acute heart failure
 Ź Stroke/cerebrovascular accident
 Ź Ruptured aortic aneurysm
 Ź Asthma
 Ź Pregnancy and birth related
 Ź Anaphylaxis
 Ź Asphyxiation
 Ź Fractured neck of femur
 Ź Serious head injuries
Any external injury and causes:
 Ź Road trafic accidents
 Ź Falls (<75 years of age)
 Ź Self-harm
death might sometimes be prevented by a well-performing emer-
gency care system.
METHODS
Study design
A controlled interrupted time series analysis of a series of 
measures was undertaken to quantify the impact of ED closures 
on the resident catchment populations of five EDs compared 
with five control areas. A summary analysis of the average effect 
across all five closure sites versus all five control sites was also 
undertaken.
Locations
The five EDs which were closed were based in the urban towns 
of Newark, Rochdale, Bishop Auckland, Hartlepool and Hemel 
Hempstead in England. At the time of the closure the population 
size in these towns ranged from 125 000 to 231 000. In each 
town, an Urgent Care Centre was opened around the time of 
the ED closure. Emergency care was reorganised in these areas 
between 2009 and 2011. Documentary analysis suggested that 
these departments were typically downgraded because of fears 
about sustainability and future quality of care. Consolidation of 
emergency care on a smaller number of sites was identified as a 
way of providing more efficient care resulting in better patient 
outcomes. Five control EDs were selected to provide a reason-
ably close sociodemographic/economic match to the interven-
tion area with which it was paired. When selecting a control area 
we considered a number of variables including: population size, 
deprivation, age composition, ethnicity and rurality. We were 
careful to select control EDs that were not served by the same 
Ambulance Service (because of potential contamination effects) 
and did not share a geographical boundary with the catchment 
area of the ED which closed.
Calculation of resident catchment population
In order to undertake the analysis we identified a resident catch-
ment population for each of the 10 areas studied. First, we 
identified a geographical catchment area for the 10 EDs using 
Department for Transport (DfT) road travel times. Journey times 
were modelled by the DfT from the centroid of every Lower 
Super Output Area (LSOA) in England to every type 1 ED. For 
each of the EDs which closed and each of the control EDs, the 
set of LSOAs for which the ED had the shortest travel time was 
identified and this set of LSOAs was defined as the catchment 
area of the ED. The resident population of each of the 10 catch-
ment areas was used in the analyses.
Accounting for other changes within the system
Emergency and urgent healthcare systems frequently evolve 
to meet the changing needs of the population. We needed to 
account for any major changes to services in the emergency and 
urgent care system other than the ED closing in the intervention 
areas or any other major changes occurring in the control areas. 
Analysis of NHS annual reports in each of the 10 areas identified 
a number of major changes to emergency and urgent care system 
delivery including the introduction of NHS 111, the opening or 
relocation of a primary/urgent care centre and the diversion of 
emergency ambulances overnight to a neighbouring ED. These 
changes were included in the analytical models when assessing 
the impact measures.
Impact measures included
A number of measures were identified as being useful to help 
understand the impact that ED closures had had on the local 
population. The primary measures related to mortality which 
we investigated were:
1. Out-of-hospital deaths: number of out-of-hospital deaths (ie, 
death did not occur during an emergency hospital admission 
episode) from serious emergency conditions, occuring within 
7 days of the incident.
2. Total deaths: total number of deaths from serious emergency 
conditions occurring out-of-hospital or within 7 days of be-
ing admitted to hospital.
3. Case fatality ratios (CFRs): case fatality ratio for all serious 
emergency conditions. The CFR is a measure of the risk of 
death and was calculated as the ratio of total deaths within 7 
days, to deaths plus emergency admissions for more than 2 
days who survived.
We included raw rather than standardised mortality data 
because we were looking at the same populations over a short 
time, rather than comparing different populations and because 
of uncertainties in the data about the catchment populations 
needed to do standardisation. The relatively short period of time 
which we focused on meant that it was unlikely that a demo-
graphic population change would be observed.
The serious emergency conditions that were included 
consisted of a group of 16 clinical conditions which were iden-
tified through a Delphi study as conditions from which death 
might sometimes be prevented by a well performing emergency 
care system, and which were judged to be useful to use as indica-
tors of emergency and urgent care performance (Box 1).5
Data sources
We obtained Hospital Episode Statistics (HES) Admitted Patient 
Care (APC) data and Office for National Statistics (ONS) 
mortality data for the years 20072014 from NHS Digital. Esti-
mated journey times by road from LSOA to type 1 EDs were 
supplied by the DfT in order to establish the ED resident catch-
ment population for each of the 10 areas studied.
Statistical analysis
A controlled interrupted time series approach was used across 
48 months (24 months pre and post ED closure). Specifically the 
data were analysed in three ways:
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Figure 1 Example of LOWESS curve: out-of-hospital deaths from 
serious emergency conditions in residents of areas of Hartlepool 
expected to have a large change in time to emergency department 
(‘high-dose') and a small change (‘low-dose').
1. A time series regression model was fitted to the monthly time 
series for the closure site using a negative binomial model 
(for counts of deaths) and a normal model (for the CFRs) to 
test for preliminary evidence that activity had changed at the 
time of the ED closure. The negative binomial model was 
fitted in Stata and the normal model in R using the Prais
Winsten procedure. The models consisted of a season effect, 
a linear time trend, a step term for before and after the 
time when the site ED was downgraded or closed and a be-
fore and after step term for any other potentially significant 
changes to the emergency healthcare system introduced into 
the site (Model 1).
2. Model 1 was built on by adding a control site and comparing 
the change in the estimated step at the time of closure for the 
closure site catchment population with the change for the 
control site catchment population (Model 2).
3. In the final model, the step model (described above) was 
replaced with a dose model. Instead of modelling the av-
erage effect across the whole of the closure sites catchment 
area, the dose model made use of the fact that different 
parts of the catchment area might be differentially affected 
by the closure of an ED. For example, following a closure, 
the change in time from LSOA to the nearest ED typically 
varied from 0 to 25 min. We dichotomised all the LSOAs in 
the catchment area into high-dose areas (with a change in 
travel time to the nearest ED above the median change in 
time) and low-dose areas (below the median). We then fit-
ted the interrupted time series model as described above but 
compared high-dose and low-dose areas rather than closure 
and control areas (Model 6).
We fitted a LOWESS (smoothed) curve through the series of 
48 data points representing the monthly activity or performance 
at each site to help visualise whether there was any change at the 
time of closure. An example is provided in figure 1.
Finally, for each of the mortality measures, the results from 
the five individual areas were combined to estimate the average 
effect of the closure of the five EDs included in this study. Forest 
plots were used to show the individual site effects, and an overall 
effect was estimated by combining the individual site estimates 
using a random effects meta-analysis.
The egative binomial models for counts of deaths model the 
log of the counts, so the results are reported as the estimated 
percentage change in the number of deaths at the time of closure 
of the ED. For the CFRs, the absolute change in the proportion 
of cases that died is reported. For all analyses we have reported 
the overall estimate and a 95% CI for this estimate, together 
with a p value.
Patient involvement
Both at the inception and during this study we were supported 
by an independent patient and public involvement group: Shef-
field Emergency Care Forum. Members of this group were part 
of our study management team and were able to influence deci-
sions made about how to operationalise the research study, and 
latterly the interpretation and implication of findings.
RESULTS
Change in journey time from home to ED
The difference between the DfT estimated travel time from each 
LSOA to the nearest ED and the time to the next nearest ED 
for residents of LSOAs in the five catchment areas which closed 
ranged from 0 to 25 min, with a median of 9 min.
Mortality
There were around 19 000 deaths, out-of-hospital or within 7 
days of admission, from any of the 16 emergency conditions 
during the 48 months studied in the five closure sites and five 
control sites together.
Out-of-hospital deaths
There was no evidence in any area to indicate that the number of 
out-of-hospital SEC deaths changed at the time of closure/down-
grade of the EDs, either in isolation or compared with controls 
(figure 2). Over all sites, the estimated change relative to the five 
FRQWURODUHDVZDV&,ïWRS 
in the number of out-of-hospital deaths.
In relation to the dose model, there was also no reliable 
evidence of an increase in risk of out-of-hospital SEC deaths in 
areas most affected by the closure in terms of time to nearest ED 
than in areas less affected (figure 3). The estimated effect was a 
change in high-dose areas relative to low-dose areas of +1.6% 
&,ïWRS 
Total deaths
There was also no reliable evidence in any area to indicate 
that the total number of SEC deaths up to 7 days post-incident 
changed at the time of closure/downgrade of the EDs, either in 
isolation or compared with controls (figure 4). Over all sites, the 
estimated change relative to the five control areas was +2.5% 
&,ïWRS LQWKHQXPEHURIGHDWKV
There was no reliable evidence of an increase in the total 
number of SEC deaths up to 7 days post-incident in areas most 
affected by the closure in terms of time to nearest ED compared 
with areas less affected (figure 5). The estimated effect was a 
FKDQJHLQKLJKGRVHDUHDVUHODWLYHWRORZGRVHDUHDVRIï
&,ïWRS 
copyright.
 o
n
 O
ctober 22, 2019 at Sheffield Uni Consortia. Protected by
http://emj.bmj.com/
Em
erg M
ed J: first published as 10.1136/em
erm
ed-2018-208146 on 7 O
ctober 2019. Downloaded from
 
648 Knowles E, et al. Emerg Med J 2019;36:645–651. doi:10.1136/emermed-2018-208146
Original article
Figure 2 Change in out-of-hospital deaths in the catchment areas of 
the emergency departments that closed compared with their control 
areas.
Figure 3 Change in out-of-hospital deaths comparing residents of 
relatively ‘high-dose’ areas with those in relatively ‘low-dose’ areas in 
that area.
Figure 4 Change in total deaths occurring up to 7 days post-incident 
in the catchment areas of the emergency departments that closed 
compared with their control areas.
Figure 5 Change in total deaths occurring up to 7 days post incident 
comparing residents of relatively ‘high dose’ areas to those in relatively 
‘low dose’ areas in that area.
Case fatality ratios (CFRs)
There was no reliable evidence of any change in the CFRs in 
individual sites, either in isolation or compared with their 
controls (figure 6). However, over all sites it was estimated 
that, compared with control sites, there was a small increase in 
the CFR for deaths within 7 days for the set of 16 emergency 
conditions following closure of a local ED. The estimated effect 
ZDV&,WRSDQLQFUHDVH
of +2.3 in the percentage of deaths and admissions that were 
deaths.
In relation to the dose model, over all sites it was esti-
mated that there was no change in the CFRs in high-dose areas 
compared with low-dose areas following closure of the local ED 
(figure 7). The estimated effect was a change in high-dose areas 
UHODWLYHWRORZGRVHDUHDVRI&,ïWR
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Figure 6 Change in the case-fatality ratio in the catchment areas of 
the emergency departments that closed compared with their control 
areas.
Figure 7 Change in the case fatality ratio comparing residents of 
relatively ‘high-dose’ areas with those in relatively ‘low-dose’ areas in 
that area.
Table 1 Summary of overall effect by model
Model 1: No 
control
(95% CI)
Model 2: 
Compared with 
control
(95% CI)
Model 6: ‘High-
dose’ areas 
compared with 
‘low-dose’ areas
(95% CI)
Total number of out-of-
hospital deaths occuring 
within 7 days post incident
Decrease
−4.2%
(−15.9% to 
+7.7%)
p=0.49
Increase
+2.2%
(−6.9% to 
+11.3%)
p=0.63
Increase
+1.6%
(−9.7% to +12.8%)
p=0.78
Total number of deaths 
occurring within 7 days 
post incident
Decrease
−4.6%
(−14.4% to 
+5.4%)
p=0.37
Increase
+2.5%
(−5.2% to 
+10.2%)
p=0.52
Decrease
−4.0%
(−13.0% to +5.0%)
p=0.39
Case fatality ratio (7 day) Decrease
−0.3%
(−1.7% to +1.2%)
p=0.71
Increase
+2.3%
(+0.9% to +3.6%)
p<0.001
No change
0.0%
(−2.3% to +2.3%)
p=0.10
S UHSUHVHQWLQJQRFKDQJHLQWKHSHUFHQWDJHRIGHDWKVDQG
admissions that were deaths.
Table 1 provides a summary of the overall effect for each of 
the mortality measures by each model of analysis, and shows the 
direction of change in those areas affected by closure/downgrade.
DISCUSSION
Principal findings
We have explored, for the first time, the relationship between 
closing EDs in England and mortality. We found no reliable 
evidence that a change occurred at the time of the closure of 
these EDs in the number of deaths in emergencies, either 
out-of-hospital or up to 7 days post-incident. There was a small 
change in one of the measuresnamely, the CFR. However, the 
CFR can change either because the number of deaths changes or 
because the number of admissions for two or more days changes. 
Our study found a small decrease in the number of emergency 
admissions from SEC conditions occurring post-closure,4 which 
may be the explanation for this finding.
How reliable are these findings?
We have studied approximately 19 000 deaths occurring in 16 
conditions over 4 years in five sites and their controls. The 95% 
CIs showed that there still could have been important changes
HLWKHUXSE\RUGRZQE\ï³LQWKHQXPEHURIGHDWKV
in emergencies. However, we have some confirmation that the 
finding of no change is reliable from the dose models we have 
examined. These models also found no evidence of a worse 
outcome in those parts of the catchment areas of the EDs that 
closed that were most affected in terms of increased travel time 
to ED. Of course, our analysis of dose is based on the change 
in travel time from LSOA of residence to ED, and some of the 
incidents in the conditions we have studied may have occurred 
outside the catchment area and so have been unaffected by the 
ED closing. This effect is probably small but will mean that we 
have slightly underestimated the true effect for those whose 
incidents occurred in the catchment area. Rather than using 
LSOA of residence, we could have used ambulance logs to more 
accurately identify the location of the incident. However, this 
would have created a different problem by the fact that some 
people suffering from chest pain brought on by a heart attack, 
for example, transport themselves to hospital without using 
an ambulance. Analysing in-area ambulance incidents would 
therefore omit some patients whose outcome might have been 
affected by closure.
The dose models are focused on the impact of a change in time 
to hospital. However, when an ED is closed or downgraded, the 
catchment population of the ED is affected in two ways. First, 
those patients who can no longer get the care they are seeking 
at the local hospital must travel to an alternative ED. By our 
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definition of the catchment population, this ED is inevitably 
further away by road travel time. In our study the change in 
travel time ranged from 0 to 25 min, with a median of 9 min. 
Since the effectiveness of emergency care is time-dependent,68 
this means that the outcomes of their care may be worse than 
before. The second effect arises because they go to a different 
ED based in a different hospital. This hospital may perform 
differently to the original ED and hospital in terms of the quality 
and safety of the care it provides, and so again their outcomes 
may change.
Our finding that areas that had a big change in time to ED and 
areas with a small change had similar outcomes suggests that the 
change in time that we have observed, which is typically of the 
order of 10 min, has only a small andin our studyundetect-
able effect, and that any effect it does have is being compensated 
by a positive effect of change of place.
Our results may also be dependent on the type of model we 
have used to describe the data. Although controlled interrupted 
time series are generally regarded as the gold standard design 
for observational studies, they are sensitive to the form of the 
time series model. We have used a simple linear trend and step 
effect. Both choices were pre-specified in our protocol and were 
designed to minimise some other problems that can arise from 
model over-parameterisation. The step effect means that we are 
estimating the change that occurred at the point of closure. This 
means that if patients or services had anticipated the closure
for example, by ambulances taking patients to alternative EDs 
before the closure happenedit could be argued that we have 
underestimated the total effect of the closure. However, we have 
not explored alternatives (in the form of sensitivity analyses) 
because they could not change our conclusion that any impact 
of closing these EDs was too small to be detected (either because 
of variability in the data or uncertainties in the model). As with 
all observational studies, there may be other sources of unknown 
biases and confounding, and ascribing cause is difficult.
How do our findings fit with previously published evidence?
There is limited evidence on the impact of closing EDs on 
patient mortality. Most of the existing evidence is from the 
USA, with its different geography and healthcare system, and 
focuses on increased journey times or delays in receiving emer-
gency treatment in hospital. With regard to increased journey 
times, one study found that increased journey times to a Trauma 
Centre were associated with an increase in inpatient mortality.9 
However, this was based on an average increase in journey time 
of 47 min, significantly longer than in our study. Other studies 
from the USA, focusing on specific clinical conditions such as 
myocardial infarction, unintentional injury, stroke or sepsis, have 
also found an association between increased journey times to 
hospital and increased risk of mortality.1013 In the UK, evidence 
suggests that longer travel distances to unselected hospitals are 
associated with an increased risk of dying in serious 999 emer-
gencies.14 However, care must be taken over drawing inferences 
from that study about the impact of closing EDs (in our study) 
which have been selected.
Further research
While our study determined the impact of closing/downgrading 
EDs on mortality, there are other opportunities where research 
could further inform reorganisation. The study relied wholly 
on routine data and was designed to highlight the effects of ED 
closure rather than providng understanding as to why the effects 
were evident. Given that further ED closures are imminent, we 
see value in undertaking further data collection as reorganisation 
happensfor example, to understand what processes are used by 
commissioners and healthcare providers in the implementation of 
such reorganisation in order to maximise the benefits and mini-
mise any adverse effect on local populations and health services. 
Using routine data, our study has not been able to explore patients' 
and carers' perceptions and experiences. We have not carried out 
any economic assessment of the impact of closure or downgrading, 
and since many of the proposed closures probably have economic 
motives as well as clinical motives, this is important. Finally, we 
have not examined the implications for neighbouring EDs and 
hospitals that are now taking the patients from the catchment areas 
of the EDs that closed. We need to understand the implications for 
crowding, waiting times and safety at these units as well.
Implications
The impact on patient mortality is a key measure when any reor-
ganisation of healthcare takes place. It is of significant importance 
to the public, healthcare providers and policymakers. The public, 
in particular, require reassurance that the closure or downgrade of 
an ED does not result in increased death rates within the popula-
tion. In the five geographical areas studied here, we found no reli-
able evidence of an increase in deaths from SECs in the catchment 
populations following the reorganisation of care.
The decisions to close these EDs may have been taken in the 
expectation that clinical outcomes could be improved if patients 
were redirected to other hospitals. Our findings provide no 
evidence that any such benefits in terms of patient mortality in 
emergencies accrued.
As noted earlier, we have previously shown that travel distance 
to hospital is associated with the risk of dying in 999 emergen-
cies.14 However, that study looked at travel distances to a large 
number of unselected hospitals whereas this study looked at time 
to selected hospitals. Our findings should not be interpreted as 
supporting large-scale ED closures in England. The EDs which 
were selected for closure or downgrading were selected on the 
basis that there were documented concerns about issues such 
as their size, staffing and sustainability. Our results should not, 
therefore, be interpreted as suggesting that any ED can be closed 
with only small and undetectable effects, but rather if an ED is 
carefully selected it may be possible to close it without a major 
impact on mortality.
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